Blood pressure (BP) increase has been well documented as a physiological reaction to stress caused by major disasters. It has been observed in previous devastating earthquakes in Japan, such as the Hanshin-Awaji earthquake in 1995 [1] [2] [3] [4] [5] [6] [7] and the Niigata earthquake in 2004. 8 Victims of the 9/11 World Trade Center terrorism attack in New York, 9,10 the Oklahoma City bombing, 11 and a railroad chemical spill event in the United States 12 also experienced increased BP.
On March 11, 2011 , the magnitude 9.0 Great East Japan Earthquake (with an epicenter 70 km off the Pacific coast) triggered a powerful tsunami that reached heights of up to 40.5 m and travelled up to 10 km inland. As of December 2011, 15,843 persons had been confirmed dead and 3,469 were missing. Most of the deaths were caused by the tsunami rather than by the damage caused by the earthquake. According to the National Police Agency, 92.5% of the deaths are estimated to have been caused by drowning, followed by injuries (4.4%) and burns (1.1%). 13 Higashi-Matsushima, a coastal city located in Miyagi Prefecture (the hardest-hit prefecture), was inundated by the tsunami, which reached up to 10.4 m high and 5 km inland. Among the total city population of 43,000, 1,002 (2.3%) people have been confirmed dead and 61 (0.14%) were missing as of December 2011. Most of the mortality occurred in a plain area along the Pacific coast.
The impact of tsunamis on physiological stress and BP has been underdocumented, although the need to address chronic diseases 14 and elderly support 15 has been highlighted. The 2004 Indian Ocean tsunami, the most devastating one in recent history, reportedly led to massive mortality, [16] [17] [18] [19] injuries, 18 infectious diseases, 20, 21 water and sanitation needs, 22 and mental health impacts; 23 however, its impact on BP has been undocumented. Regarding nontsunami flooding, hypertension was the most prevalent health problem among Hurricane Katrina evacuees in the United States in 2005. 24 Using BP data collected through health screening of resident victims in Higashi-Matsushima after the 2011 Tohoku (northeast Japan) tsunami, this study first aimed to confirm whether the tsunami, like other natural and man-made disasters, was associated with BP increase. The subjects often abandoned the devastated ground floors of their homes and lived in the upper floors, whereas many of their neighbors evacuated. We also tried to elaborate the BP subsequent to different levels of tsunami flooding/inundation and other tsunami impacts to outline the specific features of the association of tsunami with BP and suggest future preparedness and response to mitigate cardiovascular effects among resident victims.
Methods
Cross-sectional household screening and follow-up of resident victims was conducted in Higashi-Matsushima from April 26, 2011, to July 21, 2011, 7-19 weeks after the disaster, covering 57 administrative areas completely or partially flooded by the tsunami. Screening primarily aimed to identify resident victims that needed health follow-up and secondarily aimed to investigate health issues subsequent to the tsunami. The flooded areas had a total population of 34,014 individuals and 11,251 households. Residents in severely devastated areas had mostly been evacuated to 91 temporary shelters set up in schools and other local public facilities. In early March 2011, the total number of evacuees reached 15,185; since July 2011, most evacuees have been relocated to temporary housing sites. Screening included only those who continued to reside in their own residences in tsunamiflooded areas and excluded those who had evacuated to temporary shelters or moved to other municipalities.
Although a total of 15,503 resident victims of all ages were screened, 4,311 residents were contacted in person at home (Figure 1 ), and their systolic and diastolic BP (SBP/DBP) was measured by public health nurses using an automatic sphygmomanometer applied to either the upper arm or wrist. The measurement was generally performed only once; if repeated measurements were performed and recorded, then mean values were used. More than half of the household members were absent at the time of the survey because of school and work attendance. Therefore, individuals contacted at home were interviewed about all household members to screen for individuals in need of health-related follow-up; this screen mainly identified those in need of psychological attention or elderly nursing care. A questionnaire was administered regarding demographic data (e.g., age, sex), physical status (e.g., chronic medical conditions, medication), mental status (e.g., depression, posttraumatic stress), tsunami impacts (e.g., destruction and flooding of houses; disruption of lifelines, such as water, electricity, gas, bathing, and toilet use; direct exposure to seawater), and behavioral status (e.g., smoking). In cases of minor subjects aged younger than 18 years, their parents were interviewed. There was a general tendency to screen more severely affected areas earlier to meet potentially greater demands more swiftly.
Nonscreen data were retrieved from various sources and attached to each case based on the date of screening and the residential address. Average ambient temperatures (degrees Celsius) on the days of BP measurement were retrieved from the records of the Ishinomaki meteorological observatory, which is located 8 km from the center of HigashiMatsushima. Tsunami flooding heights above sea level were referred to in a published impact atlas 25 reflecting on-site inspections by disaster experts given to 0.01 m. Inundation depths were calculated taking into account the ground height and referring to the standard elevation maps of the Geospatial Information Authority of Japan, which indicates altitude in 1-m increments. The still sea level of 0.45 m below Tokyo Pei observed just before the tsunami and the ground height were subtracted from the tsunami flooding heights above sea level to calculate the inundation depths.
The survey protocol was examined and approved by the ethical committee of the National Center for Global Health and Medicine. Informed consent was obtained in accordance with the ethical guidelines for noninterventional epidemiological studies without human specimen collection stipulated by Japan's Ministry of Health, Labour and Welfare and Ministry of Education, Culture, Sports, Science, and Technology. The agreement was obtained orally after verbal explanation of the purposes of the survey and the rights of the subjects to decline participation. A list of those who agreed was constructed and retained.
Two different statistical analyses were conducted regarding the association of the tsunami with BP. First, multiple linear regression models for SBP and DBP, respectively, were constructed for resident victims taking and not taking antihypertensive medication, including covariables encompassing indicators of potential direct tsunami impact (flooding height above sea level and inundation depth at residential address; distance from flooded seashores, industrial ports, or rivers; level of house destruction; level of house flooding; and direct exposure to seawater during the tsunami), lifeline disruptions (electricity, water, gas, and bathing) and potential confounders (age, sex, smoking status, medication for diabetes mellitus and/or hyperlipidemia/ hypercholesterolemia, and average ambient temperature on BP measurement days). For individuals on antihypertensive medication, the disruption of medication was also included. We entered the different indicators of potential direct tsunami impact one at a time; we sought the most suitable model with the most significant association of the indicator with BP without significant decrease of the adjusted R 2 and exclusion of other key covariables by using the forced-entry method. Although the number of days since the tsunami exhibited a strong univariable association with SBP/DBP, this parameter was excluded because it was highly multicollinear with the ambient temperature, which gradually increased as seasons transitioned from spring to summer during household screening. Collinearity was judged according to the level of tolerance (and variance inflation factor as its inverse); additional collinearity diagnostics consist of eigenvalue, condition index, and variance proportions.
The second statistical analysis was the application of a matched case-control design to observe more robust associations between high BP and various effects of the tsunami. Cases were defined as resident victims who exhibited SBP ≥ 160 mm Hg or DBP ≥ 100 mm Hg, which would be defined as midlevel (stage II) hypertension according to the Japanese Society of Hypertension if it continued. Controls were selected from among individuals with SBP < 120 mm Hg and DBP < 80 mm Hg, which is defined as the "recommended" BP level by the Japanese Society, and case matched regarding antihypertensive medication, sex, age (±2 years), and weeks since the tsunami (±2 weeks) at the time of BP measurement. All subjects who had SBP ≥ 160 mm Hg or DBP ≥ 100 mm Hg were selected as cases regardless of whether or not they were taking antihypertensive medication. Thus, we identified 240 cases among those not taking medication and 120 cases among those taking medication. For each case, a control was selected from a subgroup with the same medication status and sex with age within 2 years and weeks since the tsunami at the time of BP measurement within 2 weeks. If there was more than 1 potential control for a single case, the closer match in age was prioritized over the closer match in number of weeks since the tsunami when selecting the bestmatched control. If there was more than one potential control with exactly the same degree of match, then a single match was randomly selected. We applied 1:1 matching for those not taking and those taking medication because the number of controls was insufficient to construct 1:2 or more pairs.
Conditional logistic regression models were constructed for those taking antihypertensive medication and those not. As in the multiple linear regression analysis, we entered different potential direct tsunami indicators one at a time and sought the most suitable model, which exhibited the most significant association of the indicator with BP without significant decrease of the pseudo R 2 . For both groups, disruptions of gas, electricity, water, and bathing were entered as lifeline indicators, and smoking, medication for diabetes mellitus or hyperlipidemia/hypercholesterolemia, and ambient temperature were entered as potential confounders. Cases and controls were matched regarding age and sex, which were the most important confounders. In total, 240 matched case-control pairs (1:1) among those not taking antihypertensive medication and 120 such pairs among those taking medication were formed and analyzed ( Figure 1 ).
results
Subject characteristics encompassing demographic and chronic health features, as well as environmental, behavioral, and tsunami-related exposures, are summarized in Table 1 . Compared with the general city population, the subjects of our BP measurement study were older and the study population contained a greater proportion of females. Rather than representing all age strata or both sexes proportionally, the study population represents individuals who were staying at home during working hours (Table 2) .
Household screening identified 18 resident victims needing follow-up by public health nurses in relation to BP. Among 4,311 persons with measured BP, 2,777 (64.4%) had either SBP/DBP ≥ 140/90 mm Hg or were on antihypertensive medication. Among 2,624 subjects not taking antihypertensive medication, 1,090 (41.5%) had SBP/DBP ≥ 140/90 mm Hg. Because some of the 57 administrative areas screened were only partially flooded, a proportion of the subjects experienced no flooding of their residential addresses. After adjusting for potential confounders, including ambient temperature, age, sex, and smoking, SBP and DBP among nonmedicated subjects remained significantly higher in flooded than in nonflooded areas by 4.1 mm Hg (95% confidence interval (CI) = 1.3 to 6.8; P < 0.01) and 2.0 mm Hg (95% CI = 0.2 to 3.8; P = 0.03), respectively. There was no significant association of flooded/ nonflooded dichotomy with SBP/DBP among individuals on medication.
As shown in the upper part of Table 3 , SBP/DBP exhibited a degree-dependent association with flooding height above sea level among victims who were not on antihypertensive medication (P < 0.01 for both). In both SBP and DBP models, disruptions of bathing and the gas supply, ambient temperature, age, sex, and smoking consistently exhibited significant association with BP. From the regression coefficients, it is estimated that each 1-m increase of flooding height was associated with an SBP that was higher by 1.6 mm Hg and a DBP that was higher by 0.9 mm Hg among subjects not taking antihypertensive medication. When we used Bonferroni's method to adjust the confidence level of the P values for potential multiplicity, smoking became not significant, whereas Holm's method did not alter the significance judgement for P values for the upper part of Table 3 .
As shown in the lower part of Table 3 , for 1,687 (39.1%) subjects who took regular medication for hypertension, among various potential direct tsunami indicators, only discontinuation of antihypertensive medication and ambient temperature were significantly associated with both SBP and DBP. After adjusting the confidence level of the P values for potential multiplicity using Bonferroni's and Holm's methods, only these two variables (and age for DBP) remained significant. Discontinuation of antihypertensive medication was associated with inundation depth ≥ 3 m (χ 2 test, P < 0.01).
Matched case-control analysis revealed ( Table 4 ) that among the resident tsunami victims not taking antihypertensive medication, disruption of the gas supply was significantly associated with high BP at the level of midlevel hypertension (adjusted odds ratio (OR) = 3.95, 95% CI = 1.21 to 12.91; P = 0.02), as were smoking and temperature. Among those taking antihypertensive medication, inundation rounded to 2 m above ground level of residence in comparison with 0 m was the sole factor associated with high BP (adjusted OR = 4.80, 95% CI = 1.56 to 14.76; P < 0.01). Pseudo R 2 of the former model was 0.11, whereas pseudo R 2 of the latter model was 0.15. After adjusting the confidence level of the P values for potential multiplicity using Bonferroni's and Holm's methods, no covariable remained significantly associated with BP regardless of whether or not individuals were taking antihypertensive medication.
discussion
The results of this study suggest that the tsunami in Higashi-Matsushima, like other major disasters, was associated with higher BP among resident victims; the most significant association was between BP and the degree of flooding/inundation, although only a limited number of resident victims needed follow-up in relation to BP. Analysis of past tsunamis that have hit Japan indicates that inundation depths ≥ 2 m are a strong predictor of human mortality. 26 Satoh et al. demonstrated a surge of 11.6 mm Hg in SBP and a surge of 3.9 mm Hg in DBP between the periods during and immediately after the 2011 earthquake among 142 hypertensive patients in the capital of Miyagi Prefecture who were on continuous at-home BP monitoring. 27 However, tsunami-affected subjects were not systematically covered in this study. Immediately after the Hanshin-Awaji earthquake in 1995, SBP increased by 14 mm Hg and DBP increased by 6 mm Hg among 124 elderly hypertensive outpatients, 4 whereas SBP and DBP both increased by 11 mm Hg in a study of 36 hypertensive patients. 7 Our study included 2,916 (67%) subjects who were exposed to flooding heights of ≥ 2 m. Given the multiple linear regression estimation of respective SBP and DBP increases by 1.55 mm Hg and 0.93 mm Hg per meter of flooding, the total increases associated with the flooding were estimated to have surpassed 3.1 mm Hg (SBP) and 1.9 mm Hg (DBP) among the study participants exposed to such flooding levels. Therefore, the BP difference associated with tsunami was less than the known acute surge documented during the large earthquakes.
BP of the resident tsunami victims was also associated with the disruption of lifelines, particularly the gas supply. Disruption of the gas supply was caused by the loss of cylinders of propane gas, which were the primary heat source for cooking and hot water, whereas kerosene served as the source for room heating in 87% of households in Tohoku (northeast Japan) as of 2005. 28 Therefore, the disruption of gas mainly affected the resident victims' cooking and bathing. However, disruption of bathing, as a separate impact indicator, was inversely associated with BP (Table 3) , potentially because arrangements were made by the local authority to ensure daily bathing with hot water in public facilities. The recovery rate of electricity surpassed 90% within 1 week and that of water surpassed 90% in 1 month, whereas the recovery of gas was delayed, similar to the pattern observed after the Great Hanshin-Awaji Earthquake in 1995. 29 The gas disruption affected a greater proportion of subjects (7.3%) than electricity (3.0%) and water (4.7%) disruptions. Therefore, the gas disruption affected more people and lasted longer than the electricity and water disruptions and was significantly associated with BP.
Closer evaluation covering wider geographical areas regarding attributable risks of the Great East Japan Earthquake and tsunamis on cardiovascular disease (CVD)-related morbidity and mortality will be needed because the affected areas are characterized by an aged population and high prevalence of hypertension due to higher salt intake. 30 According to a cohort study in Hisayama, Japan, 31 BP > 140/90 mm Hg showed a 2.57 hazard rate of CVD incidence among elderly subjects. Another study 32 demonstrated that among Japanese males aged >30 years, SBP > 140 mm Hg led to a relative risk of CVD mortality of 3.00, and DBP > 90 mm Hg led to a relative risk of 1.50. Although these studies revealed the longterm effect of hypertension, the post-disaster BP increase may be transient. However, the Hanshin-Awaji earthquake in 1995 resulted in a 3.5-fold increase of myocardial infarction during the first 4 weeks after the earthquake among people living close to the epicenter. 33 The screening operation presented in this article was considered an important facet of public health emergency preparedness and response. Public health nurses from other prefectures conducted the screening, whereas local staff held daily briefing and debriefing sessions and conducted followup of needy residents. Although this arduous operation required massive manpower, it was useful in restoring the contact of resident victims with remaining social services, including the city administration itself. Such efforts had to be organized concurrently with the response to surging support needs among evacuees.
The main limitations in our study are regarding the stability of the BP measurement and the subjects' representativeness of resident victims. First, BP measurement was performed only once per subject and varied with respect to time of the day, making the measurements prone to intraday fluctuation. Furthermore, the white-coat effect 1 may have inflated BP levels because public health nurses conducted the measurement at residences. Secondly, elderly females were overrepresented in the study sample compared with the population of all residents in surveyed areas. Our survey represented those who stayed at home during working hours and were difficult to reach by either school-or workplacebased health programs. They were more likely to have been exposed to the effects of the tsunami, measured by the indices attached to their geographic locations, than working/ studying family members. By significantly underrepresenting children (Table 2) , the survey may have overestimated both the level of BP and the proportion of those with high BP because those young resident victims with higher vascular elasticity have not been represented proportionally. However, because the survey only focused on the residents of the administrative areas that were entirely or partially flooded and excluded evacuees who abandoned their homes and moved to evacuation sites or other municipalities, it tended to underestimate the average BP elevations of all victims by excluding those who survived the most excessive exposure to the tsunami. Furthermore, the tendency to screen more severely affected areas earlier might have biased the results away from the null hypothesis, even though the time elapsed between the tsunami and BP measurement was matched to within 2 weeks in the matched case-control analysis. The BP variance among those taking medication is far more difficult to interpret than that among those not taking medication because individuals taking medication suffered different levels of hypertension and were taking different types of antihypertensive drugs at the time of the survey. Because of the crosssectional study design, the effects of the tsunami on the initial BP increase and the duration of such increases over time, particularly in the same individual/cohort, could not have been evaluated in this study. Unfortunately, our survey was not able to accurately indicate the deaths and missing status of the families of the respondents, which may also have been important determinants of BP. Although the questionnaire sought such information, the number of respondents reporting bereavement was unbelievably low. The surveyors mentioned that they dared not persist with the bereavement question when they sensed that an individual was unwilling to answer it.
The results of this study have three implications regarding future preparedness for and responses to the effects of tsunamis on BP/CVD. First, resident victims of highly flooded/ inundated areas should undergo BP screening earlier than those in mildly flooded/inundated areas to prevent potential CVD morbidity and mortality in the face of many other conflicting demands for support. In those areas, both evacuees and resident victims require earlier attention and follow-up because they are likely to suffer more severe physiological and psychosocial effects regardless of relocation status. Those evacuated often suffered SBP > 140 mm Hg and deep venous thrombosis after the Great East Japan Earthquake, in addition to facing congestion and lack of privacy in evacuation sites. 34 Resident victims in highly flooded/inundated areas tended to suffer from isolation due to loss of social infrastructure/network.
The second and the third implications are related to the restoration of social systems, including drug dispensing and lifelines (particularly gas). The restoration of continuing medication for hypertension/CVD and other chronic conditions, including mental disorders, is essential as part of the general area restoration efforts. A review of ambulance records in the entire Miyagi prefecture during [2008] [2009] [2010] [2011] revealed that the number of occurrences of CVD per week, including heart failure, acute coronary syndrome, stroke, and cardiopulmonary arrest, increased after the Great East Japan Earthquake. 35 To alleviate such additional postdisaster CVD morbidity and associated mortality, early restoration of the supply of antihypertensive drugs and other cardiovascular drugs through stockpiling or delivery of emergency supplies, along with other necessary drugs and medical supplies, should be considered a critical part of disaster preparedness. Additionally, individuals with delayed lifeline rehabilitation, especially with regard to gas supply, exhibit higher BP, and therefore may be at greater risk for CVD events.
In conclusion, this study suggests that after a major tsunami, resident victims in areas highly inundated by flood waters and those with disrupted gas supply are more likely to have higher BP and thus might warrant getting BP screening earlier than other residents. Individuals with hypertension should be given assistance to resume or commence antihypertensive medication as soon as possible to reduce the risk of cardiovascular morbidity and mortality. acknowledgMents
